Background/Aims: Androgen receptor (AR), a steroid hormone receptor, has recently emerged as prognostic and treatment-predictive marker in breast cancer. Previous studies have shown that AR is widely expressed in up to one-third of triple-negative breast cancer (TNBC). However, the role of AR in TNBC is still not fully understood, especially in mesenchymal stemlike (MSL) TNBC cells. Methods: MSL TNBC MDA-MB-231 and Hs578T breast cancer cells were exposed to various concentration of agonist 5-α-dihydrotestosterone (DHT) or nonsteroidal antagonist bicalutamide or untreated. The effects of AR on cell viability and apoptosis were determined by MTT assay, cell counting, flow cytometry analysis and protein expression of p53, p73, p21 and Cyclin D1 were analyzed by western blotting. The bindings of AR to p73 and p21 promoter were detected by ChIP assay. MDA-MB-231 cells were transplanted into nude mice and the tumor growth curves were determined and expression of AR, p73 and p21 were detected by Immunohistochemistry (IHC) staining after treatment of DHT or bicalutamide. Results: We demonstrate that AR agonist DHT induces MSL TNBC breast cancer cells proliferation and inhibits apoptosis in vitro. Similarly, activated AR significantly increases viability of MDA-MB-231 xenografts in vivo. On the contrary, AR antagonist, bicalutamide, causes apoptosis and exerts inhibitory effects on the growth of breast cancer. Moreover, DHTdependent activation of AR involves regulation in the cell cycle related genes, including p73, p21 and Cyclin D1. Further investigations indicate the modulation of AR on p73 and p21 mediated by direct binding of AR to their promoters, and DHT could make these binding more effectively. Conclusions: Our study demonstrates the tumorigenesis role of AR and the inhibitory effect of bicalutamide in AR-positive MSL TNBC both in vitro and in vivo, suggesting that AR inhibition could be a potential therapeutic approach for AR-positive TNBC patients.
Introduction
Triple-negative breast cancer (TNBC) makes up about 10 to 20% of invasive breast cancers, which has lowest 5-year survival rate and worst overall survival compared with other breast cancer subtypes [1] . Previous studies demonstrated that TNBC tumors are associated with larger size, higher grade and lymph node involvement at diagnosis, which display more aggressive clinical course [2] . As it lacks estrogen receptor (ER) and progesterone receptor (PR) expression as well as human epithelial receptor-2 (HER-2) amplification, treatments targeting ER or HER-2 are not effective. Up to now, there is no optimal standard of care for the management of TNBC. Although TNBC is defined by its lack of the hormone receptors traditionally associated with breast cancer, it expresses other hormone receptors like the glucocorticoid receptor and androgen receptor (AR) [3] . AR, also belongs to nuclear hormone receptor family, interacts with molecules in the nuclear [4] , which is widely expressed in up to one-third of TNBC [5] [6] [7] [8] . Lehmann and colleagues proposed seven subtypes of TNBC, including basal-like 1, basal-like 2, mesenchymal-like, mesenchymal stem-like (MSL), immunomodulatory, luminal AR (LAR) and unclassified TNBC. In recent studies, AR functions as an anti-tumor effecter in ER-positive breast cancer by antagonizing ER [9] , whereas it promotes tumor cell growth in TNBC, as AR inhibition bicalutamide reduces cancer cell viability and proliferation in multiple molecular subtypes of TNBC cells both in vitro and in vivo, including MSL TNBC cells [10] . It has been well demonstrated that androgen induces LAR subtype breast cells proliferation in previous studies. Thus, MSL TNBC breast cancer cells MDA-MB-231 and Hs578T are also sensitive to AR inhibition, though express lower level of AR than LAR cell lines.
Previous clinical studies have designed to study the effectiveness of androgen blockade in breast cancer. A phase II trial in patients with ER-/PR-/AR+ metastatic breast cancer has shown a clinical benefit rate of 19% for bicalutamide [11] . Another phase II study assessing the safety of enzalutamide in AR-positive TNBC or advanced breast cancer is ongoing (NCT01889238). Moreover, a recent case report showed that a 55-year old woman with AR-positive metastatic TNBC received clinical response after 4 months treatment of oral bicalutamide 150 mg every day [12] .
Previous study has demonstrated that MDA-MB-231 and Hs578T belong to MSL TNBC cells, which are sensitive to AR inhibition bicalutamide [10] . In our study, we designed to investigate whether bicalutamide inhibits TNBC proliferation involves the regulation of cell cycle related genes, including tumor suppressors p53, p73, cyclin-dependent kinase p21 (CIP1/WAF1), and Cyclin D1. Ligand-activated AR regulates the cell cycle has been generally defined in prostate cancer, and AR down-regulation induces cell cycle arrest and accumulation of the p27 cyclin-dependent kinase inhibitor demonstrated in previous study [13] . In addition, androgen stimulation elevates in Cyclin D proteins, resulting in activation of CDK4/6 and causes proliferation in prostate cancer cells [14] . However, the functional role of AR on breast cancer development and progression remains largely unclear. Thus, in our study, we designed to investigate the effect of AR in breast cancer growth and the link between AR and cell cycle related genes in MSL TNBC using in vitro and in vivo models. Further, we also wish to examine the efficacy of AR inhibition bicalutamide as a targeted therapy in AR-positive MSL TNBC.
Materials and Methods
Cell culture and treatment TNBC cell lines MDA-MB-231 and Hs578T were obtained from the American Type Culture Collection (Manassas, VA, USA). MDA-MB-231 cell line was cultured in RPMI 1640 medium (GIBCO, Gaithersburg, MD, USA) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin. Hs578T cell line was cultured in DMEM medium (GIBCO, Gaithersburg, MD, USA) with 10% FBS, 1% penicillin/ streptomycin and 5% insulin. Cell cultures were carried out in a humiditied 37°C incubator supplied with
Apoptosis analysis
An annexin V-florescein isothiocyanate (FITC) apoptosis detection kit (KeyGEN Biotech, CA) was used to detect apoptosis according to the manufacturer's instructions. MDA-MB-231 and Hs578T cells were planted on six-well plates (10 5 cells/well). After 24 h, cells were exposed to 100 nM DHT or 10 μM bicalutamide or under ethanol/DMSO (vehicle control) treated condition. The rate of early apoptosis was monitored with a flow cytometer (BD FACS calibur, USA). Each sample was tested in triplicate.
Western blot analysis
Whole-cell protein was extracted using RIPA buffer supplemented with protease and phosphatase inhibitors and quantified using BCA kit (Thermo Scientifi). 20 μg protein were denatured, separated on SDS-PAGE gels, and transferred to polyvinylidene fluoride membranes. Blots were blocked with 5% dry milk in tris-buffered saline/0.1% tween-20 and incubated overnight with a diluted solution of primary antibody at 4°C, and then with the horseradish peroxidase-conjugated secondary antibody (1:5000) for 2 h. Primary antibodies used included: AR (ab74272, 1:200, Abcam), p73 (ab17230, 1:300, Abcam), p53 (ab32049, 1:500, Abcam), Cyclin D1 (#2926, 1:2000, Cell Signaling Technology), p21 (#2946, 1:2000, Cell Signaling Technology). Bands were normalized to GAPDH expression which was used as an internal loading control. Results from at least two separate experiments were analyzed.
Immunohistochemistry staining
Slides were deparaffinized in a series of xylenes and ethanols. Heat-mediated antigen retrieval was fulfilled with citrate buffer (BioGenex Laboratories, San Ramon, CA). Antibodies used were AR (ab74272, 1:100, Abcam), p73 (ab17230, 1:100, Abcam), p21 (#2946, 1:30, Cell Signaling Technology). Immunostained sections were scanned using a microscope at ×400 magnification (Carl Zeiss, Germany). The total number of AR, p73 and p21 positive cells in a tumor cross-section was counted to measure in each sample.
ChIP assay
The ChIP assay was performed using Pierce Agarose ChIP Kit (Thermo). Briefly, 70% confluent MDA-MB-231 cells were treated with ethanol or 10 -7 mol/L DHT for 2h and then fixed in 1% formaldehyde for 15 min. Centrifugation for 5 min, and sonicate the lysate to shear the cross-linked DNA to an average length of 100-1000 bp. Remove the insoluble material by centrifugation. The immuno-cleared chromatin was immunoprecipitated with anti-AR (Ab74272, abcam) or control IgG antibody overnight at 4°C. Reverse the cross-links by proteinase K in ChIP Elution buffer for 1.5 h at 65°C. 1 μl of each of the purified DNA was used to determine the concentration. Each sample was used as template for PCR with specific primers. 9 and 10 primer sets were designed for the p73 and p21 promoter region respectively. Primer sequences were designed for every 300 bp of each promoter set shown in Table 1 , as the sequences amplified by primer sets 1 is the fastest from the transcription start site. PCR analysis was performed in a 20 uL volume with amplifiation conditions: 95°C for 5 min; 35 cycles of 95°C for 30 s, 60°C for 30 s, and 72°C for 30 s; 72°C for 10 min. PCR products were separated on 2% agarose gels, stained with ethidium bromide and photo each. 
Statistical analysis
Statistical significance was evaluated using one-way ANOVA or student's t test with SPSS Statistics 19.0 (SPSS Inc.). The Mann-Whitney U test was applied for the comparison of nonparametric data. * P < 0.05 or ** P < 0.01 were considered statistical significant.
Results

AR is expressed in MSL TNBC
Previous study has demonstrated that LAR TNBC expresses high levels of AR. Compared with LAR, MSL TNBC expresses relative lower level of AR. However, treatment with AR agonist DHT and antagonist bicalutamide altered expression of AR in this subtype of TNBC. In MDA-MB-231 and Hs578T cell lines, treatment with DHT significantly increased protein level of AR, whereas bicalutamide, which completely binds to AR and increases AR degradation, inhibited this effect ( Fig. 1) , which indicated that AR agonist DHT and antagonist bicalutamide are effective in MDA-MB-231 and Hs578T cell lines.
AR inhibition reduces MSL TNBC cell viability and increases apoptosis in AR-positive TNBC
To further investigate the effects of AR agonist DHT and antagonist bicalutamide on cell viability, we assessed the effects of increasing concentrations of DHT at 0.1 to 100nM and bicalutamide at 0.1 to 10 μM on TNBC cells (MDA-MB-231, Hs578T). MDA-MB-231 cells proliferation effectively increased after 72 h of DHT treatment, while bicalutamide appeared to exert inhibitory effects on cellular proliferation, which was observed in dose-dependent manner ( Fig. 2A) . These observations can be reduplicated in the Hs578T breast cancer cell line, as bicalutamide decreased cell proliferation of Hs578T and cell proliferation significantly induced in Hs578T at the highest concentration of 100 nM after 72 h DHT treatment (Fig.  2B) . The effect of AR on cellular proliferation was also assessed by cell counting assay, which was consistent with the MTT assays (Fig. 2C) . These data well corrected with apoptosis assay. Early apoptosis rate was decreased after DHT treatment assessed by flow cytometry Table 1 . PCR sequences of primer sets designed for p73 and p21 promoter in ChIP analysis. 9 and 10 primer sets were designed for the p73 and p21 promoter region respectively. Primer sequences were designed for every 300 bp of each promoter. The sequences amplified by primer sets 1 is the fastest from the transcription start site assays, while bicalutamide significantly caused 2-flod increase in early apoptosis rate in MDA-MB-231 and Hs578T compared with vehicle-treated controls (Fig. 2D) .
Taken together, these findings suggested that impairing AR signaling is able to decrease cellular viability and induce early apoptosis in TNBC cells. Conversely, activating AR signaling with DHT led to promote cell growth and decrease early apoptosis rate in vitro. 
Activated AR regulates expression of cell cycle related genes
Since DHT increases cellular proliferation in AR-positive TNBC, we assessed whether DHT or bicalutamide effects cell viability consequent to the modulation of cell cycle related genes expression. Therefore, we exposed MDA-MB-231 and Hs578T cells to DHT and bicalutamide for 48 h, and assessed p53, p73, p21, Cyclin D1 protein level by western blot.
We have detected that DHT-activated AR induced the expression of p53, while impairing AR signaling with bicalutamide led to a decrease p53 protein level (Fig. 3) . In previous study which suggested that mutant p53 expressed in multiple breast cancer cell lines, including MDA-MB-231 and Hs578T cell lines [15] . As p53 has been revealed as the most frequently mutated gene in breast cancer [15] , and mutations in the p53 gene are associated clinically with tumor progression and metastasis [16] . These findings indicate that androgen-activated AR alters expression of p53 may involve the elevation of mutant p53, which leads to the reduction of cell apoptosis. To study the effect of AR on expression of p73 and p21, we exposed MDA-MB-231 and Hs578T to DHT and bicalutamide and assessing p73 and p21 protein levels by western blot. As shown in Fig. 3 , the expression of p73 and p21 in protein levels were increased after bicalutamide treatments. Conversely, DHT-activated AR decreased both p73 and p21 protein levels in both cell lines. As shown in our data, Hs578T cells exhibited an increase in the levels of p21 after bicalutamide treatments, but not observed in p73 (Fig. 3) .
It is well known that Cyclin D1 expression levels are associated with cancer cell growth and progression [17] [18] [19] . Interestingly, activated AR decreases Cyclin D1 expression in MCF-7 cell line [20] . Nevertheless, in our study, we observed that DHT induced Cyclin D1 protein levels in AR-positive TNBC cell lines (Fig. 3) . Our findings suggested that AR stimulates TNBC cell proliferation may involve altering the expression of p53, p73, p21 and Cyclin D1.
AR regulates the expression of p73 and p21 through binding to their promoters
To investigate the mechanism of AR induces the proliferation of MSL TNBC cell, we used bioinformatics analysis and ChIP assay to find out whether AR down-regulates the expression of p73 and p21 through binding to their promoters, which results in the proliferation of MSL TNBC cell.
In our study, bioinformatic analysis was used to predict transcription factors binding sites in promoters of target genes, which indicated that both p73 and p21 promoters contains putative binding sites for AR. To better determine whether AR binds to the promoters of p73 and p21, we performed ChIP assays in MDA-MB-231. In our results, we found that AR contained the region of p73 and p21 promoters. As shown in Fig. 4A (lane 8) , the binding of AR to p73 promoter located at -613 to -313 bp upstream of transcription start site. Similarly, our results revealed that AR can bind to the region of p21 promoter located at -1800 to -900 bp upstream of transcription start site (Fig. 4B , lane 5, 6, 7), which contains at least 3 binding sites. We observed that AR was able to bind to the region of p73 promoter located at -300 to -600 bp (Fig. 4A , lane 2) and p21 promoter located at -900 to -600 bp (Fig. 4B , lane 8) after DHT treatment respectively. Our results indicated that DHT-activated AR enhanced the regulation of AR on the transcription of p73 and p21. Furthermore, the putative binding sites of AR to p73 and p21 promoters were predicted by bioinformatic analysis, and most of binding sites are consistent with our results. Therefore, according to the results of bioinformatic analysis and ChIP assay, we proposed the model (Fig. 4C ) which indicated the sites and sequences of the binding regions for AR. In brief, our results suggested that AR is able to specifically bind to the region of both p73 and p21 promoters, suggesting that AR regulated the expression of p73 and p21 through directly binding to their promoters. DHT administration promoted this procedure and make the binding more effectively.
Bicalutamide inhibits tumor growth in xenograft
In order to explore the effect of AR in MSL TNBC in vivo, we used BALB/c mice to establish an AR-positive TNBC subcutaneous transplantation tumor model with MDA-MB-231 cells. After tumor reached 100 mm 3 , the mice were received DHT or bicalutamide treatment. After 4 weeks of treatment, DHT dramatically promoted the growth of MDA-MB-231 tumor in vivo while bicalutamide treatment resulted in the inhibition of tumor growth (Fig. 5C) .
Tumor sections from each treatment were analyzed by IHC of AR and its targets. As showed in Fig. 5D , hemotoxylin and eosin (H&E) staining of paraffin-embedded tumor sections demonstrated that bicalutamide decreased tumor cell density compared to vehicletreated controls. The level of AR, p73 and p21 were assessed by IHC on the harvested xenograft tumors. The results were then compared between different in vivo therapy groups. IHC staining revealed that the tumor cells expressed low levels of nuclear AR, while DHTtreated group showed significant increase in nuclear AR to 2.5 fold, and decrease in p73 and p21 levels compared to tumor from group without DHT treatment (Fig. 5D) . Moreover, treatment of bicalutamide led to significant reduction of nuclear AR and elevated p73 and p21 nuclear staining in tumors. Collectively, DHT promotes the TNBC tumor growth through decreasing p73 and p21 levels, while bicalutamide elevated the p73 and p21 expression, resulting in reduction of tumor volume (Fig. 5D) , which was consistent with findings in vitro. These results indicate that AR regulation of p73 and p21 is one mechanism by which AR effects proliferation and apoptosis in MSL TNBC with AR expression.
Discussion
Steroid hormone receptors like ERα, PR and HER-2 are not expressed in TNBC, resulting in traditional endocrine therapies for TNBC are not effective compared with other subtypes of breast cancer. As we know, AR is a member of the steroid hormone receptor family, expresses in up to one-third of TNBC tumors [5] [6] [7] [8] . Therefore, if AR is an effective target in AR-positive TNBC, patients with AR expression could benefit from AR-targeted therapy. Emerging evidences have demonstrated that AR serves as an oncogenic factor in AR+/ERbreast cancer [21] [22] [23] , AR inhibition reduces survival and growth in these breast cancer cells [23] . In addition, anti-tumor effect of AR inhibition was also demonstrated in TNBC cells. A new generation of AR inhibition, enzalutamine, generally used in castration-resistant prostate cancer [24] , is able to decrease proliferation and induces apoptosis in TNBC cell lines [25] . Furthermore, we have investigated the tumourgenesis role of AR and correlation between AR and cell cycle related genes in MSL TNBC which expresses relative lower AR compared with LAR TNBC. Consistent with previous observations [10] , we detected that activated AR increases cell viability and reduced apoptosis in two AR-positive MSL TNBC cell lines. Pharmacological inhibition of AR with bicalutamide inhibits cell proliferation in a dose-dependent way. We also found that AR antagonist treatment causes early apoptosis.
As a ligand-dependent transcription factor, AR affects cancer cell growth, as well as regulates multiple genes expression. To better investigate the role of androgen-activated AR in TNBC, we assessed cell cycle related genes upon AR agonist and antagonist. AR regulation of cell cycle related genes may be one mechanism by which AR mediates breast cancer cells survival. As we know, p53 is classical tumor suppressor, and low level of p53 present in proliferation cancer cells. In previous studies, we found that p53 is mutated in multiple breast cancer cell lines, including MSL TNBC, which also occurs in MDA-MB-231 and Hs578T cell lines, as MDA-MB-231 cell contains a point mutation in the endogenous p53 gene [15, 26] . A mutant p53 could inverse the function as tumor suppressor as wild type p53 in cancer cell, associated with cell migration and invasion in vitro [27, 28] . Interestingly, we observed a significant increase of p53 level after DHT treatments. Therefore, we propose that DHTactivated may elevate expression of mutant p53 but not wild type p53, and DHT-activated AR promotes breast cancer cell proliferation and decreasing apoptosis through accumulation of mutant p53. As the member of p53 family [29] , unlike p53, p73 is rarely mutant or lost in cancers [30] . Cyclin-dependent kinase p21 is tumor suppressor, which promotes cell cycle arrest, blocks cell division, and down-regulation of p21 often occurs in breast cancer [31] . Recent studies have demonstrated that p21 involved in anti-tumor progression in breast cancer, and anti-tumor drug increased p21 expression which led to breast cancer cell apoptosis [32, 33] . p73 and p21 can promote anti-proliferation activity and induce apoptosis by p53-independent mechanisms [34, 35] . This inhibitory effect of AR is observed at the level of p73 and p21, detected a reduction in protein level following DHT treatment. In addition, AR inhibition results in the up-regulation of p73 and p21 both in vitro and in vivo xenograft model, while DHT decreases levels of p73 and p21, leading to the reduction of tumor volume.
Since AR plays a major role in decreasing Cyclin D1 expression and interacting with the ARE containing region of the Cyclin D1 promoter [20] , we wished to explore whether AR also acts inhibitor of Cyclin D1 in AR-positive TNBC. Interestingly, we find that DHT positively regulates Cyclin D1 in protein level, not consistent in ER-positive breast cancer cell (MCF-7), as DHT leads to the reduction of Cyclin D1 in both protein and RNA levels and decrease of its promoter activity [20] . It is possible that AR signaling inhibits cell proliferation and exerts as tumor suppressor in ER+/AR+ breast cancer. The discrepancy in results may be due to the difference in ER status of breast cancer, as AR can bind to sites normally occupied by ER in a breast cancer [21] . Whether AR or androgen regulates breast cancer cells proliferation depends on tumor ER status needs further investigation.
AR is the member of the nuclear receptor family of ligand-induced transcription factors, which can influence the expression of target genes by binding to the specific or non-specific regions, including PSA promoter [36, 37] . As AR acts as transcription factor, we designed to determine whether AR interacts with the region of p73 or p21 promoters. The interaction between AR and the p73, p21 promoters is supported by ChIP analysis showing that AR occupancy of the promoter region, which is consistent with the results of bioinformatic analysis. The transcription of p73 and p21 are negatively modulated through direct binding of AR to their promoters. Furthermore, AR is able to bind to the specific regions of p73 and p21 promoters after AR agonist DHT treatment, as shown in Fig. 4A (lane 2) and Fig. 4B (lane  8) . We consider that AR occupies the promoter region of p73 and p21, so that the positive regulators of p73 and p21 could not bind to the promoters, which led to the down-regulation of p73 and p21. Furthermore, DHT enhance the inhibitory of AR on the transcription of p73 and p21. In brief, we propose that the negative modulation of AR on p73 and p21 through directly binding to the promoters, and DHT-activated AR is able to promote these processes. It might also contribute to explain the positive influence of androgens on TNBC cell proliferation. Collectively, our data suggests that activated AR promotes cell proliferation via regulating p53, p73, p21 and Cyclin D1. In contrast, AR inhibition could inverse the function of androgen, serves as tumor suppressor in AR-positive TNBC. Therefore, we hypothesize that targeting AR could be an opportunity for AR-positive TNBC.
Preclinical studies and clinical trials have demonstrated that androgens can induce proliferative changes in breast cancer cells and promote tumorigenesis in xenograft by AR. In previous studies, AR inhibition enzalutamide decreases SUM159PT tumor viability in vivo, causes median 90% of necrotic tumor compared with 10% in untreated group and TUNEL staining. Recent study has suggested that xenograft tumors derived from different TNBC cell lines display different sensitivity to bicalutamide, suggesting that tumor derived from TNBC cell lines display significantly sensitivity to AR inhibition [10] . In our study, decreased viability by AR inhibition in vitro was reduplicated in MDA-MB-231 xenografts in nude mice, as AR inhibition results in decrease of tumor volume compared with vehicletreated controls. In brief, our data of preclinical studies indicates that targeting AR with antagonist such as bicalutamide could be a promising way for AR-positive TNBC treatments. In recent years, AR is receiving increased attention as a therapeutic target in AR-positive breast cancers, as various clinical studies have focused on the functional role of AR in breast cancer. AR is currently being tested in TNBC, in which AR is regarded to be associated with worse clinical outcome in TNBCs [38] . Safety and efficacy of AR antagonist bicalutamide, enzalutamide and abiraterone acetase have been analyzed in recent clinical trials. Phase II clinical trial of anti-androgen with bicalutamide for ER-/PR-/AR+ metastatic breast cancer reports a 19% clinical benefit and 12 weeks longer median progression-free survival [11] . Furthermore, the anti-tumor activity of a new generation anti-androgen abiraterone acetase in patients with HER-2 negative molecular apocrine breast cancer is assessed in an ongoing clinical trial (NCT01842321). An underway trial is designed to study the efficacy of PIK3CA inhibition taselisib and AR inhibition enzalutamide in treating patients with AR-positive metastatic TNBC (NCT02457910). In addition, our team has focused on the efficacy of the treatment of patients with AR-positive metastatic TNBC (NCT02353988), which is ready for recruitment. Overall, our data support a therapeutic benefit for the therapy with AR inhibition bicalutamide in MSL TNBC which expresses relatively low AR expression both in vivo and in vitro. The clinical trial recruited TNBC patients with AR expression (>1%) assessed by IHC, and now 118 patients are eligible for treatment (NCT01889238). Furthermore, we provided a possible model of AR in TNBC which was presented in Fig. 6 .
In summary, impairing androgen receptor signaling with bicalutamide inhibits cell proliferation and induces apoptosis in MSL TNBC cell lines in vitro via increasing the expression of p73 and p21 and negatively regulating p53 and Cyclin D1. Moreover, AR modulates the expression of both p21 and p73 via directly binding to the promoters, indicating that p73 and p21 are the downstream target genes of AR. Treatment of bicalutamide significantly decreases tumor volume in xenograft with MDA-MB-231. Our studies provide a novel insight of AR which functions as an oncogene in TNBC and it may be a therapeutic opportunity for patients with AR-positive TNBC tumor. However, further studies and mechanistic investigations of the regulation of androgen and AR in TNBC are needed.
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